ABSTRACT
INTRODUCTION
Anxiety disorders and diabetes mellitus are one of the most common psychiatric and endocrine disorders in general populations, respectively (1, 2) . The incidence and prevalence of anxiety disorders are very common in diabetic patients than in the general population (3, 4) . In diabetic patients, recognition and control of anxiety symptoms are of utmost importance to increase compliance with treatment and to improve quality of life. Several anxiolytics are available for clinical use including benzodiazepines and the newer anxiolytic agent's azaspirodecanedione derivatives such as buspirone, gepirone and ipsapirone (5) . Buspirone is a prototype in family and it possesses comparable anxiolytic activity without sedative, hypnotic, anticonvulsant and muscle relaxant property and structurally unrelated to the benzodiazepines (5) . However the main concern about drug treatment for disorders other than diabetes is that several non-diabetic drugs may also interfere with plasma glucose and insulin level in healthy as well as diabetics. It has been shown that complex mechanism of blood glucose homeostasis involves several hormonal and non-hormonal components such as serotonin, dopamine and nor-adrenaline, which affect blood glucose level (6) . In recent years, serotonin (5-hydroxytryptamine, 5-HT), serotonin receptor agonists, antagonists and selective serotonin reuptake inhibitors have been demonstrated to produce alteration in blood glucose level (7) (8) (9) (10) . Buspirone has been demonstrated to possess its anxiolytic property because of its action on 5-HT 1A receptors (5, 11) . Anxiolytics used in diabetes are reported to produce alteration in blood glucose and insulin level (12). In pre-clinical studies, anxiolytics such as buspirone acting through serotonin receptors demonstrated to alter the plasma glucose and insulin levels (13) (14) (15) . Despite of its wide use in general population, glucose intolerant as well as diabetic patients, no study is available in literature regarding the effect of buspirone on fasting and oral glucose load induced (postprandial) blood glucose and plasma insulin levels in healthy human volunteers.
MATERIALS AND METHODS Study subjects:
The study protocol and informed consent form was approved by Institutional Review Board (IRB) and signed informed consent was obtained from each participant. cms] participated in the study. The subjects were deemed healthy according to medical history, physical examination, laboratory test and electrocardiogram. The subjects were selected on the basis of exclusion and inclusion criteria. The inclusion criteria were of normal health as determined by medical history, physical and clinical examination of the subjects. The exclusion criteria were history of any allergy to buspirone and related compounds or any physical or clinical abnormality.
Study procedure:
Each volunteer was randomized to either receive a single 10 mg oral dose of buspirone (Buspin ® , Intas Pharmaceuticals, Ahmedabad) or identical placebo containing lactose (10 mg) at 09.15 am after an overnight fast of 12 hours (phase I) and vice versa (phase II) with a one week wash out period in between. The common therapeutic dose of buspirone was used in the study. A standardized oral glucose load containing 75 gm glucose in 200 ml water (16) was given to all the subjects after buspirone or placebo administration on previously reported scheduled T max , i.e. the time when respective drug or placebo achieved the peak plasma concentration; 45 min (17) . The blood samples (2 ml each) were collected as predose (before drug or placebo administration), post dose (after drug or placebo administration, at T max of the respective administered drug or placebo) and post oral glucose load (after oral glucose load administration followed by drug or placebo administration) at 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 hr. Blood samples were collected through an indwelling canula placed in a forearm vein during each period. After collection, the blood samples were immediately centrifuged to separate the plasma. All plasma samples were analyzed immediately for plasma glucose and insulin level. None of the subjects received any medication during the two weeks prior to the start of the study and during study periods. At the time of screening they were instructed not to take any prescription and over the counter (OTC) medications subsequently until the completion of the study. All the subjects were required to abstain from any xanthine derivative food or beverages or alcoholic products for 48 hours prior to dosing and throughout the study periods. Subject safety was monitored for oral temperature, radial pulse, sitting blood pressure at the time of admission, prior to dose administration and before discharge in each period.
Sample analysis:
Both, blood glucose and insulin levels were estimated in plasma samples. Blood glucose concentrations (3 zl samples) were estimated by glucose hexokinase method (18) using Dade Behring® Glucose Flex TM kit. The concentration of glucose was analyzed on Dimension®, clinical chemistry system at RCPU, New Delhi. The unit of glucose concentration was mg/dl with the normal range of 70-100 mg/dl. Plasma insulin levels (10 zl samples) were estimated quantitatively by enzyme linked immunosorbent assay (ELISA) using ORGENTEC ® , a commercially available active ELISA KIT (19) . The concentration of insulin was analyzed on a microplate reader with a 450 nm filter at RCPU, New Delhi. The concentration of insulin was expressed in U/ml. The sensitivity of insulin assay was 0.5 mg/l.
Statistical analysis:
The results are presented as mean ± SD. The data were analyzed statistically using student 't' test. The null hypotheses was rejected at P<0.05.
RESULTS AND DISCUSSION
No adverse effect has been observed in the present study. Figure 1 and 2 show the effects of buspirone and placebo on blood glucose and insulin level predose, post dose and at different time points during oral glucose load. Administration of buspirone (10 mg) produced a significant fall in postprandial blood glucose level (at 0.5 hr after oral glucose load in comparison with placebo) without alteration in the plasma insulin level. Buspirone has no significant effect on fasting blood glucose and plasma level and oral glucose load induced plasma insulin level (Fig. 1, p<0.05) . Although a modest but insignificant decrease in plasma insulin level was observed Effect of buspirone on blood glucose level and co-released with insulin from pancreas participates in blood glucose homeostasis (21) . The functional diversity of serotonin stems from the ability of this neurotransmitter to interact with multiple 5-HT receptors (currently classified as 5-HT 1 through to 5-HT 7 with further subtypes within receptor class) that can trigger and activate distinct intracellular signaling system (22) . In general, 5-HT is reported to be an endogenous inhibitor of insulin and believed to alter the blood glucose and insulin level. There is a prevailing view that blood glucose is lowered by 5-HT and this response can be suppressed by 5-HT receptor antagonists (7, (23) (24) (25) . 5-HT, 5-HT agonists and its precursors are reported to produce fall in blood glucose level in preclinical studies and few human studies (7-10, 23-25). As buspirone has been shown to produce hyperglycemia in animals, its necessary to assess its effect on blood glucose and insulin level in humans. In the present study, we observed the effect of buspirone, a HT 1A receptor partial agonist on basal (fasting) and oral glucose tolerance test (postprandial) induced blood glucose and insulin levels in healthy humans.
In rats, buspirone administration has been reported to alter the hypoglycemic effect of tolbutamide and produce hyperglycemia probably through 5-HT 1 receptor agonist activity (13) (14) (15) . In another study in rabbits, buspirone in doses of 0.5 mg/kg/per orally has no effect on blood glucose level (26) . In the present study buspirone administration produced a significant decrease in the postprandial blood glucose level following an oral glucose load without altering fasting and oral glucose load induced postprandial plasma insulin level. However, we could not find significant alteration in fasting plasma insulin level as well as postprandial plasma insulin level.
Our results are consistent with previous reports suggesting that buspirone has no significant effect on plasma insulin level in rats (13, 15) . However in rats, the hyperglycemia was suggested to be mediated by the activation of 5-HT 1A receptors without significant alteration in insulin level, similar to the present study in which no significant effect on insulin was observed. The exact mechanism underlying such bioactivities results in fall in plasma glucose level with buspirone administration to humans are obscure. However, in animals the ability of 5-HT 1 receptor agonist to facilitate adrenaline release is suggested to produce increases in plasma glucose and glucagon levels (14) . The hyperglucagonemic effects of buspirone without any significant alteration in plasma insulin level are suggested probable mechanism of hyperglycemia. Concerning plasma insulin level, the results of our study are in agreement with at all time intervals during oral glucose tolerance test as compared to placebo (Fig. 2) .
Any abnormality in regulation of blood glucose level has importance in healthy volunteers and diabetic patients, both. A large number of drugs such as ethanol, E adrenergic receptor antagonism and salicylates etc. can cause hypoglycemia or may alter the response of diabetic patients to their existing therapeutic regimen (13, 20) . Concerning the effect of certain anxiolytic agents such as chlordiazeopoxide could increase the insulin requirement in diabetics indirectly indicating that it may dysregulate normal blood glucose control mechanism (12). As described earlier, serotonin, found to be co-stored these animal studies as buspirone did not produced significant change in plasma insulin level in humans.
However, contrary to our study results i.e. a significant fall in postprandial blood glucose level, buspirone in rabbits did not show any effect on blood glucose level (26) . The precise role of serotonergic mechanism in blood glucose control mechanism in animals and humans appears different. Although in response to 5-HT receptor activation both decreased and increased insulin levels respectively with hyperglycemia and hypoglycemia have been reported in animals (8, 24, 27) . Regarding effect of 5-HT on blood glucose and plasma insulin level, 5-HT and precursor has been shown to produce fall in blood glucose level without affecting insulin release (7, 23) . Therefore, present study observations suggest that the effect of buspirone on blood glucose level is independent of insulin components of blood glucose regulation. The possible mechanism may be due to an increase in glucose uptake across the cell membrane in skeletal muscle through non-insulin dependent pathways of blood glucose regulation.
From the present study findings it can be inferred that serotonergic receptors (5-HT 1A receptors) participate in blood glucose regulation. On the basis of present observations it is concluded that buspirone produced a significant alteration in blood glucose level in healthy human volunteers. Furthermore, the present results, also suggest that those who are on glucose lowering therapy need lesser doses of buspirone and may improve compliance with treatment with oral hypoglycemic agents However, it could be possible that its beneficial effects in reducing the doses of hypoglycemic agents may be due to an increase in glycogen synthetase activity or increased sensitivity of hepatic and peripheral insulin receptors without no change in insulinemia as observed in a previous study (28) . Furthermore, earlier fall in 5-HT levels in diabetes, a condition during which utilization of glucose is significantly modulated in skeletal muscle has been demonstrated and postulated that 5-HT could modulate glucose transport (29) . Similarly, in the present investigation the participation of 5-HT receptor in blood glucose control mechanisms has been demonstrated. Though these results are encouraging, planned clinical studies using buspirone in individuals with diabetes and anxiety are worthwhile. The 5-HT 1 receptor is functionally significant in blood glucose regulation and it is likely that further research into the role and function of this receptor will yield important new insights into the regulation of blood glucose homeostasis which may have potential to provide safe and effective therapeutic strategies for patients with decreased insulin secretion.
